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Comment on Formation Mehanism and Low-Temperature Instability of Exiton Rings
In the Letter [1℄ the diusive transport model (DTM) has been used to explain the formation of a large ring
around the laser exitation spot in the spatial pattern of the interwell exiton photoluminesene (IEPL) from the
GaAs/AlGaAs double quantum wells (DQW) [2℄. The alulation in [1℄ ontains a fault that drastially aets the
physial meaning of the analytial result (formula (3) in [1℄). The orret result [3℄ is inonsistent with the experiment
explanation suggested in [1℄. We show that neither the diusion model itself nor the assumptions used in [1℄ (and in
[3℄) are not appliable to the experiments [1℄,[2℄ for the derivation of the ring radius.
The qualitative piture suggested in [1℄ is as follows. Due to the stati voltage applied to the DQW struture, the
potential wells are biased that would provide the spatial separation of eletrons in one well and holes in another. In
the absene of laser exitation the ondution bands of the quantum wells ontain eletrons due to the distributed
spurious urrent aross the DQW struture [1℄. The ontribution of the photogenerated eletrons to the total eletron
density in the wells at stationary laser pumping is negleted. However, the same amount of the photogenerated holes
give rise to the depletion of the total eletron density (due to the interwell exiton formation) near the laser exitation
spot. It auses the diusion of eletrons from the periphery to the spot region. The diusion of holes goes in the
opposite diretion. As a result, the hole density falls from the enter spot to the periphery and the eletron one does
vie versa; at their maximal overlapping region the luminesene ring appears. The ring radius R is derived within
the DTM as
R = λ exp (−2piDen0/Pex) , (1)
where De is the diusion oeient for eletrons, n0 is the equilibrium two-dimensional (2D) eletron density, Pex is
the stationary photoexitation power, and the eletron depletion length λ ≫ R [1℄. Aording to the model [1℄, the
diusion of holes is the only reason why they move out of the laser exitation spot. However, aording Eq.(1) the
ring radius does not depend on the hole diusion oeient Dh (in [1℄ Dh is in the exponent also), i.e. the ring forms
even if all the holes are left into the exitation spot (Dh = 0). (This is beause of the neglet of the photogenerated
eletrons: if these are inluded in the model [1℄, due to the exiton formation term there will be no ring at all.) In
[3℄ it is shown in general ase (i.e. regardless to λ≫ R) that the dependene R (Dh) appears in the DTM only if one
introdues a hole tunneling out of the well there. However, the tunneling may be a probable proess for eletrons but
not for the heavy holes with the eetive mass ratio m∗h/m
∗
e ≈ 7 in GaAs.
There are some other prinipal disrepanies between the experimental data and the diusive model results [1℄,[3℄.
(1) The DTM is inapable to explain nearly the absene of a spatially uniform IEPL between the exitation spot
region and the external ring [2℄. It always predits notieable onstant luminesene there [1℄,[3℄. (2) The model
an not explain the ondition on the exitation power: the external ring appears only when the power exeeds some
ritial value, Pex > (Pex)c ≈ 250 µW [2℄. Formally, the model [1℄,[3℄ is purely 2D but no ring pattern was observed
for the system in the intrawell exiton luminesene [1℄,[2℄. (Note that another experimental group [6℄ reported that
they had also observed the ring in the ase of intrawell exitons for DQW and for a single quantum well.)
The assumptions embodied in the model [1℄ also ontain some physial shortomings. (1) If the ondution bands
of the DQW have essential eletron oupany in the absene of laser pumping, then the wells annot be onsidered
as insulating layers and the transverse eletri eld made by the stati gate voltage Vg depends on the oordinate z
perpendiular to the layers. The latter ontradits the statement [4℄ that the DQW potential energy prole along
z-axis has only a onstant tilt due to Vg. (2) The diusion oeients of the arriers seem too small to give the
diusion length of about 100 µm. In partiular, they an be estimated by the Einstein relation De,h = (µe,h/e)T ,
where T is the lattie temperature. The typial experimental value for the eletron mobility in a single GaAs quantum
well at T ∼ 1K is µe ∼ 106 cm2/ (V s) [5℄. The heavy hole mobility µh is at least one order of magnitude smaller
than µe. At T ∼ 1K the values De ∼ 102 cm2/s, Dh ∼ 10 cm2/s (p. [7℄) are too small to provide the ring radius
R ∼ √DτX ∼ 10−2 cm, where D = min (De, Dh) and τX ∼
(
10−8 ÷ 10−7) s is the typial interwell exiton lifetime
[1℄. (The minimal suitable value D ∼ 103 cm2/s an be obtained if one takes in the Einstein relation the lattie
temperature T ∼ 100 K.) (3) Finally, in the model [1℄ eletroneutrality has been violated on the marosopi length
sale ∼ R ∼ 0.1 mm.
Conluding the ritiism, one may say that the model [1℄ is unable to give a onsistent explanation of the experi-
mental results [1℄,[2℄.
It is advisable to explain the ring formation only by kinetis of the photogenerated arriers, i.e. without bakground
equilibrium eletrons and the transverse spurious urrent as well. The suggestion is that at high photoexitation power
the in-plane eletri elds appear in the exitation spot region. In partiular, if the arrier densities in the spot beome
high enough, the repulsive intralayer Coulomb fores between partiles beome stronger than the attrative interlayer
fore. In this ase the intralayer elerti elds appear to ejet "surplus" eletrons and holes from the exitation spot.
2Due to high mobilities of the arriers in GaAs quantum wells at low temperature, it results in high initial veloities
of the "surplus" partiles (regime of hot arriers). In the regime the value of arrier veloity is restrited by optial
phonon emission. The estimate for the maximal initial veloity through m∗v2max/2 = ~ωLO , where ~ωLO ≈ 37 meV
is the optial phonon energy in GaAs and m∗ ∼ 0.1me, results in vmax ∼ 107 m/s, a typial saturation value for the
arrier drift veloity in GaAs with the inrease of applied eletri eld [8℄. To form an exiton the eletrons and holes
should ool down by emitting aousti phonons. At typial eletron-aousti phonon sattering time τe−ac ∼ 10−9
s [9℄ one omes to the promising estimate R ∼ vmaxτe−ac ∼ 10−2 cm (p. [10℄). However, a quantitative theory
desribing the in-plane expansion of the hot spatially separated eletrons and holes, whih nally form exitons, is
absent.
Apparently, the ambipolar (or drift-) diusion regime (see e.g. [11℄) is valid for slow arriers at in-plane distane
r ∼ R, where the ambipolar eletri eld E might play an important role in the formation of a sharp width of the
ring (interestingly, the FWHM of the ring intensity is pratially independent on the ring radius R at high Pex [2℄).
The ontinuity equations in this regime are given by
n˙e(h) + div ie(h) = ge(h) − Γ, (2)
n˙X + div iX = Γ− nX/τX . (3)
Here ne, nh and ie = −neµeE − De∇ne, ih = nhµhE−Dh∇nh are 2D densities and partile ux densities of free,
unoupled eletrons in plane z = d/2 and holes in plane z = −d/2, µe(h) is eletron (hole) mobility that is assumed
to be a onstant. The partile ux density for exitons iX ≈ −DX∇nX , nX is the interwell exiton density. The
ontribution from the dipole-dipole interation between the exitons is omitted in iX sine it appears as an above-
linear orretion on nX . The arrier generation rates ge(h) (r, t) are a priori given funtions. The general form of the
exiton formation rate reads (hereafter inessential onstant prefators are dropped)
Γ (r, t) =
∫
w (|v1 − v2|) fe (r,v1, t) fh (r,v2, t) d2v1d2v2, (4)
where f
e(h)
(r,v, t) is the eletron (hole) distribution funtion, so that ne(h) (r, t) =
∫
f
e(h)
(r,v, t) d2v, and w (v) is the
spei exiton formation rate. Finally, the Poisson equation for the eletri eld reads (time dependene is dropped;
ε is dieletri onstant)
div (εE(r, z)) = 4pie [(nh(r) + nX(r)) δ(z + d/2)− (ne(r) + nX(r)) δ(z − d/2)] . (5)
It inludes the ontribution of the interwell exiton dipole elds and keeps the eletroneutrality for the free arrier
system when the exiton formation is suppressed (nX(r) = 0).
At r ∼ R one may put w (v) ≈ wmax, then Γ (r) ≈ wmaxne (r)nh (r) and the Eqs.(2),(3),(5) with ge(h) = 0 beome
a losed system.
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